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Description 

TECHNICAL FIELD 

The present invention relates to thermal ink-jet 
printers, and, more particularly, to an irrproved print- 
head structure for introducing ink Into the firing cham- 
bers. 

BACKGROUND ART 

In the art of thennal Ink-jet printing, it is known to 
provide a plurality of electrically resistive elements on a 
common substrate for the purpose of heating a corre- 
sponding plurality of ink volumes contained in adjacent 
ink reservoirs leading to the ink ejection and printing 
process. Using such an arrangement, the adjacent ink 
reservoirs are typicaJiy provided as cavities in a laarrier 
layer attached to the substrate for properly isolating 
mechanical energy to predefined volumes of ink. The 
mechank»l energy results from the conversion of elec- 
trical energy supplied to the resistive elements which 
creates a rapidly expanding vapor bubble in the ink 
above the resistive elements. Also, a plurality of ink 
ejection orifices are provided above these cavities in a 
nozzle plate and provide exit paths for Ink during the 
printing process. 

In the operation of thermal Ink-jet printheads, it is 
necessary to provide a flow of ink to the thermal, or 
resistive, element causing ink drop ejection. This has 
been accomplished by manufacturing ink fill channels, 
or stots, in the substrate, ink barrier, or nozzle plate. 

Prior methods of forming ink fill slots have involved 
many time-consuming operations, resulting in variable 
geometries, requiring precise mechanical alignment of 
parts, and typically coukl be performed on single sub- 
strates only. These disadvantages make prior methods 
less desirable than the herein described invention. 

Further, at higher frequencies of operation, the prior 
art methods of forming ink slots provide channels that 
simply do not have the capacity to adequately respond 
to ink volume demands. 

Fabrication of silicon structures for ink-jet printing 
are known; see, e.g., U.S. Patents 4.863,560, 
4,899,181. 4.875.968, 4,612,554. 4.601,777 (and its 
reissue RE 32,-572). 4.899,178, 4,851.371, 4,638.337. 
and 4,829,324. These patents are all directed to the so- 
called "side-shooter" ink-jet printhead configuration. 
However, the fluid dynamk»l considerations are com- 
pletely different than for a "top-shooter" (or "roof- 
shooter") configuration, to which the present invention 
applies, and consequently, these patents have no bear- 
ing on the present invention. 

U.S. Patent 4.789.425 is directed to the "roof- 
shooter" configuration. However, although this patent 
employs anisotropic etching of the sutstrate to form ink 
feed channels, it fails to address the issue of how to 
supply the volume of ink required at higher frequencies 
of operation. Further, there is no teaching of control of 



geometry, pen speed, or specific hydraulic damping 
control. Specifk»lly, this reference falls to address the 
issue of precisely matching the fluid impedance of every 
functional nozzle so that they all behave the same. 
5 A need remains to provide a process for fabricating 
ink fill slots in thermal ink-jet print-heads in which the 
fluid impedance d every functional nozzle is precisely 
matched. 

10 DISCLOSURE OF INVENTION 

It is an advantage of the present invention to pro- 
vide ink fill slots with a minimum of fabrication steps in a 
batch processing mode. 
IS It is another advantage of the invention to provide 
precise control of geometry and alignment of the ink fill 
slots to permit precise matching of fluid impedances of 
each nozzle. 

It is a still further advantage of the invention to pro- 

20 vide ink fill slots appropriately configured to provide the 
requisite volume of ink at increasingly higher frequency 
of operation, up to at least 14 kHz. 

In accordance with the invention, as specified in the 
claims hereinafter, an ink fill slot can be precisely man- 

25 ufactured in a substrate utilizing photolithographic tech- 
niques with chemical etching, plasma etching, or a 
contfxnation thereof. These methods may t>e used in 
conjunction with laser machining, mechanical abrasion, 
electromechanical machining, or conventional etch to 

30 remove additional sut)Strate material in desired areas. 
The improved ink-jet printhead of the Invention 
includes a plurality of ink-propelling thermal elements, 
each ink-propelling element disposed In a separate 
drop ejection chamber defined by three banler walls 

35 and a fourth side open to a reservoir of ink common to 
at least some of the elements, and a plurality of nozzles 
comprising orifices disposed in a cover plate in dose 
proximity to the elements, each orifice operatively asso- 
ciated with an element for ejecting a quantity of ink nor- 

40 mal to the plane defined by each element and through 
the orifices toward a print medium in pre-defined 
sequences to form alphanumeric characters and graph- 
ics thereon. Ink is supplied to the thermal element from 
an ink fill slot by means of an ink feed channel. Each 

45 drop ejection chamber may be provided with a pair of 
opposed projections formed in walls in the ink feed 
channel and separated by a width to cause a consti-ic- 
tion between the plenum and the channel, and each 
drop ejection chamber may be further provided with 

so lead-in lobes disposed between the projections and 
separating one ink feed channel from a neighboring ink 
feed channel. The Improvement comprises forming the 
ink fill sk>t and tiie drop ejection chamber and associ- 
ated ink feed channel on one substrate, in which the ink 

SB fill slot is partially formed by anisotropic etching of the 
substrate, employing chemical and/br plasma etching. 
The dimensions of the ink fill slot relative to the ink feed 
channel may be precisely controlled to aid in fluid tuning 
of the pen. 
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The ink fill slot position can be controlled to witliin 
about 20 (im of the hydraulic limiting orifice (the area 
between the lead-in lobes) and can be modulated in 
depth as the slot extends to minimize air bubble trap- 
ping, s 

The frequency of operation of thermal ink-jet pens 
is dependent upon the shelf or distance the ink needs to 
travel from the ink fill slot to the firing chamber, among 
other things. At higher frequencies, this distance, or 
sheK, must also be fcurly tightly controlled. Through pho- io 
tochemical micromachining. this distance can be more 
tightly controlled and placed closer to the firing cham- 
ber. Etching can be from the frontside, backside, or 
both. A combination of etch processes can allow a 
range of profiles of the ink fill slot and shelf. This proc- is 
ess can be used instead of. or in conjunction with, con- 
ventional "mechanical" slotting procedures to enhance 
performance or allow batch processing. 

BRIEF DESCRIPT ION OF THE DRAWINGS 20 

FIQ. 1 is a perspective view of a resistor situated in 
a firing chamber formed from a barrier layer, an ink 
feed channel fluidically communicating with the fir- 
ing chamber, and an ink fill slot for supplying ink to 2S 
the ink feed channel, in accordance with the inven- 
tion: 

FIG. 2a is a top plan view of the configuration 
depicted in FIQ. 1 and including adjacent resistors 
and ink feed channels, in which the shelf length is a so 
constant dimension as measured from the entrance 
to the ink feed channel; 

FIG. 2b is a view similar to that of FIG. 2a, but 
depicting an equalized shelf length that fblbws the 
contours of the barrier layer; ss 
FIG. 3 is a top plan view of a portion of a printhead. 
showing one embodiment of a plurality of the con- 
figurations depicted in FIG. 2A.- 
FIG. 4 is a cross-sectional view of the resistor con- 
figuration of FIG. 3, showing the results of aniso- 40 
tropic etching of a (100) oriented silicon substrate: 
FIG. 5 is a similar view as FIG. 4, but with a <110> 
oriented silicon sutsstrate; 
FIG. 6 is a cross-sectional view equivalent to FIGS. 
4 or 5 in which the ink-feed slot is produced by abra- 4S 
sive or laser micromachining; and 
FIG. 7, on coordinates of pen frequency in Hertz 
and shelf length in rrucrometers. is a plot of the 
dependence of pen frequency as a function of shelf 
length for a specfTic drop volume case. . so 

BEST MODES FOR CARRYING OUT THE INVEN- 
TION 

Referring now to the drawings where like numerate ss 
of reference denote like elements throughout, FIG. 1 
depicts a printing or drop ejecting element 10, formed 
on a substrate 12. FIGS. 2a and 2b depict three adja- 
cent printing elements 10, while FIG. 3 depicts a portion 



of a printhead 13 oomprteing a plurality of such firing 
elements and shows a common ink fill slot 18 providing 
a supply of ink thereto. Although FIQ. 3 depicts one 
common configuration of a plurality of firing elements, 
namely, two parallel rows of the firing elements 1 0 about 
a common ink fill slot 18, other configurations employed 
in thermal ink-jet printing, such as approximately circu- 
lar and single row, may also be formed in the practice of 
the invention. 

Each firing element 10 comprises an ink feed chan- 
nel 14, with a resistor 16 situated at one end 14a 
thereof. The ink feed channel 14 and drop ejection 
chamber IS encompassing the resistor 16 on three 
sides are formed in a layer 17 which comprises a pho- 
topolymerizable material which is appropriately masked 
and etched/developed to form the desired patterned 
opening. 

Ink (not shown) is introduced at the opposite end 
14b of the ink feed channel 14, as indicated by arrow 
"A", from an ink fill slot, indicated generally at 18. Asso- 
ciated with the resistor 16 is a nozzle, or convergent 
bae, 20, located near the resistor in a nozzle plate 22. 
Droplets of ink are ejected through the nozzle (e.g., nor- 
mal to the plane of the resistor 16) upon heating of a 
quantity of ink by the resistor. 

A pair of opposed projections 24 at the entrance to 
the ink feed channel 14 provMe a localized constriction, 
as indicated by the an-ow "B**. The purpose of the local- 
ized constriction, which is related to improve the damp- 
ing of fluid motion of the inK is more specifically 
described in U.S. Patent 4,882,595, and forms no part 
of this invention. 

Each such printing element 10 comprises the vari- 
ous features set fbrth above. Each resistor 1 6 is seen to 
be set in a drop ejection chamber 15 defined by three 
t>arrier walls and a fourth side open to the ink fill slot 18 
of ink common to at least some of the elements 1 0, with 
a plurality of nozzles 20 comprising orifices disposed in 
a cover plate 22 near the resistors 1 6. Each orif toe 20 is 
thus seen to be operatively associated with an resistor 
16 for ejecting a quantity of ink normal to the plane 
defined by that resistor and through the orifices toward 
a print medium (not shown) in defined patterns to form 
alphanumeric characters and graphics thereon. 

Ink is supplied to each element 10 from the ink fill 
slot 18 by means of an ink feed channel 14. Each firing 
element 10 is provided with a pair of opposed projec- 
tions 24 formed in walls in the ink feed channel 14 and 
separated by a width "B" to cause a constrlctk)n 
between the ink fill slot 18 and the channel. Each firing 
element 10 may be provided with lead-in lobes 24a dis- 
posed between the projections 24 and separating one 
ink feed channel 14 from a neighboring ink feed channel 
14*. 

The improvement comprises a precision means of 
forming the ink fill slot 18 and associated Ink feed chan- 
nel 14 on one substrate 12. In the process of the inven- 
tion, the ink fill slot 18 is extended to the pair of lead-in 
lobes 24a of each firing chamber, either at a constant 
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distance from Ihe entrance to the ink feed channel 14, 
as shown in FIG. 2A. or at an equalized distance from 
the contour formed by the t^arrier layer 17, as shown In 
FIG. 2B. The ink fill slot 18 is extended by means of 
extension 18a toward the lead-in lobes 24a. using pre* s 
dse etching, described in greater detail below. 1o con- 
trollably align the ink fill slot relative to the entrance to 
the ink feed channel 14, indicated at "A". 

In FIG. 2A. the extended portion 18a of the ink fill 
slot 18 terminates at a constant distance from the io 
center-line of the ink fill slot, very close to the lead-in 
lobes 24a. Use of precise etching, described below, per- 
mits a shoner shelf length, Sl. to be formed; this shelf 
length is shorter than that of a presently commercially 
available pen used in Hewlett-Packard's DeskJet® is 
printer, which extends to the edge of the ink fill slot 18. 
The shorter sheff length permits firing at higher frequen- 
cies than presently commercially available pens. While 
the fluid impedance of the pen imparted to the ink is 
reduced compared to that in the commercially available so 
pens, thereby resulting in inproved performance, it is 
not substantially constant from one resistor heater 16 to 
the next. 

In FIG. 2B, the extended portion 18a of the ink fill 
slot 1 8 follows the contour of the barrier wall 1 7 defining ss 
the lead-in lobes 24a, provkling an equalized shelf 
length S|.. This equalized shelf length provides a sub- 
stantially constant fluid impedance to the ink in the pen, 
which results In improved pen performance. 

In accordance with the invention, the extended por- so 
tionlSa of the ink fill slot 18 is precisely manufactured 
in a substrate 12 utilizing, photolithographic techniques 
with chemical etching, plasma etching, or a combination 
thereof. These methods may be used in conjunction 
with laser micromachinlng, mechanical abrasion, or ss 
electromechanical machining to remove additional sub- 
strate material in desired areas. 

Representative substrates for the fabrication of ink 
fill slots 18 in accordance with the inventton comprise 
single crystal silicon wafers, commonly used in the 40 
micro-electronics industry. Silicon wafers with <1 00 )or 
(110) crystal orientations are preferred. Three methods 
of ink fill slot fabrication consistent with this invention 
are detailed below. Typical resultant structures are 
shown in FIGS. 4C, 5C, and 60. 45 

In one embodiment, depicted in FIGS. 4A-D, the fol- 
lowing steps are perfbrmed: 

1 . Mask the silicon wafer 12 to protect areas not to 

be etched. Thermally grown oxide 26 is a repre- so 
sentative etch mask for silicon. 

2. Photo-define openings in the etch mask using 
conventtonal microelectronics photolithographic 
procedures to expose the silicon on the secondary 
(back) surface to be removed in the desired ink f tow 55 
channel areas. 

3. Etch part way into the silicon substrate from the 
back surface through the exposed areas of the 
openings to form the ink fill slots 18, using aniso- 



Iropic etchants to provide the desired geometric 
characteristics of the ink flow channels. 
4. Etch into the front surface (a) to connect with the 
ink fill slots 18 and (b) to extend the ink fill slots to 
the entrances of the ink feed channels formed in the 
barrier layer 17, forming portion 18a. The barrier 
layer 17 and defined drop ejection chamber IS and 
ink feed channel 14. along with resistor heater 16 
and associated electrical traces, are formed in sep- 
arate steps prior to this stepi The etching in this 
step may be done using any or all of an isotropic 
etchant. such as dry (plasma) etching. 

FIG. 4D is a cross-sectional view of a final structure 
in which ink is fed from the bottom of the substrate 12. 
In the process depicted in FIGS. 4A-D, (lOOoriented 
silicon is employed as the substrate 12. An oxkie film 
26. preferably silicon dioxide, is formed on both surfaces 
12a, 12b of the substrate and is used to define the ink 
fill slot 18 to be etched. Alternatively, a silicon nitride film 
or other masking layer could be used, as detailed in the 
prior art. 

The dielectric 26 on the secondary surface 12b is 
patterned prior to formation of the ink fill slot 18. 

The ink fill slot 18 comprises two portions. The first 
portion. 18*. is formed by anisotropic etching. Since the 
anisotropic etching is in (100) silicon, the angle formed 
is 54.74<>. as is well-known. An aqueous solution of 
KOH. In a ratio of KOHiHgO of 2:1. heated to about 
85°C is used for the anisotropic etching. This etchant 
etches <100> sWkxsn at a rate of about 1.6 iim/minute. 
As is well-known, the etching actbn is greatly reduced 
at a point where the (111 )plane8 intersect, and the < 
100}bottom surface no longer exists. 

The anisotropic etching is stopped part way through 
the silicon wafer 12, as shown in FIG. 4A. Next, heater 
resistors 16 (and electrical traces, or conductors, asso- 
ciated therewith, not shown) are formed on the front sur- 
face 12a of the wafer, as shown in FIG. 4B. The 
process, which is well-known, comprises forming appro- 
priate layers and patterning them. 

The second portion. 18a. of the ink fill slot 18 is 
formed by a combination of isotropic and anisotropic 
etching, either by wet or dry processes, from the pri- 
mary surface 12*. This process etches through the die- 
lectric layer 26 on the primary surface 12a and into the 
silicon wafer 12 to connect with the previously-etched 
ink fill slot portion 18*. TTie resulting structure is shown 
in FIG. 4C. 

Dry etching in a plasma system may be used to 
define the second portion 18a. CF4 may be used, but 
other plasma etchants are also available for faster etch- 
ing of the passivation while still protecting the silicon 
surface from overetch. 

It is this latter etching step that brings the ink fill slot 
18 very close to the ink feed channel 14. The proximity 
of the ink fill slot 18 to the ink feed channel 14 permits 
the printhead to be very responsive to demands for ink 
required at high drop ejection frequencies. Suitable 
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masking is used to tbrm the second portion 18a; this 
masking may be configured to pemiit obtaining either 
the constant shelf length structure depicted in FIG. 2A 
or the equalized shelf length structure depicted in FIG. 
2B. B 

The structure is completed, as depicted in FIG. 4D. 
by the formation of the barrier layer 17 and the orifice 
plate 22 with nozzles 20 therein. 

FIGS. 5A-0 represent a similar cross-sectional 
view of a final structure in which ink is fed from the bot- io 
torn of the substrate 12, which in this case Is <1 10 ) ori- 
ented. Here, anisotropic etching may be used to etch 
part way or all the way through the substrate 10, using 
the same etchant as for (100 ). The only difference in the 
process of this embodiment from that depicted in FIGS, js 
4A-D Is the use of silicon of a different crystallographic 
orientatton. 

In another embodiment, shown in FIGS. 6A-D, the 
wafer is processed by known thermal ink-jet processes 
on the primary surface to form resistors 1 6 on the sur- so 
face of the passivating layer 26. A suitable photodef ined 
masking layer (not shown) is then applied and Imaged, 
exposing the area to be precision etched. Examples of 
such masking layers include DuPont's VACREL and 
positive or negative photoresists, such as Hoechst ^ 
AZ4906 or OCG SC900, respectively. In this case, only 
the primary surface, 12a, needs to be protected by the 
In-sulating dielectric layer 26. 

Etching is done by well-documented dry processes 
utilizing CF4 + O2. SFg, or a mixture of f luorocarbon and 30 
not)le gases to fonn portion 18a. The etch profile can be 
controlled by varying operating pressure and/or etcher 
configuration from reactive ion etching regimes (about 
50 to 150 millitorr pressures and about 400 to 1,000 
volts effective bias) anisotropic etching to high pressure ss 
planar etch regions (at>out 340 to 700 millitorr pressure 
and 0 to about 100 volts effective bias) isotropic etching 
or some subtle and beneficial combination of proc- 
esses. The main part 18' of the Ink feed slot 18 Is then 
formed by miaomachining, such as mechanical abra- 40 
sion, e.g., sandblasting, or laser ablation, or electrome- 
chanical machining from the secondary surface 12b. 

The barrier layer 17 is generally formed prior to the 
final formation of the main part 18*, for reasons related 
to wafer handling (making the wafer stronger) and parts 4S 
flow (avoiding returning the wafer to the clean room for 
processing). 

The frequency limit of a thermal ink-jet pen is lim- 
ited by resistance in the f kiw of Ink to the nozzle. Some 
resistance in ink flow is necessary to damp meniscus so 
oscillation. However, too much resistance limits the 
upper frequency that a pen can operate. Ink flow resist- 
ance (impedance) Is Intentionally controlled by a gap 
adjacent the resistor 16 with a well-defined length and 
width. This gap is the Ink feed channel 1 4, and Us geom- ss 
etry Is described elsewhere; see. e.g.. U.S. Patent 
4,882,595. issued to K.E. Trueba et al and assigned to 
the same assignee as the present application. The dis- 
tance of the resistor 16 from the ink fill slot 18 varies 



with the firing patterns of the printhead. 

An additional component to the impedance is the 
entrance to the ink feed channel 14, shown on the draw- 
ings at A. The entrance comprises a region between the 
orifice plate 22 and the substrate 12 and its height Is 
essentially a function of the thickness of the bamer 
material 17. This region has high impedance, since its 
height is small, and is additive to the well-controlled 
intentional impedance of the gap adjacent the resistor. 

TTie distance from the ink fill slot 18 to the entrance 
to the ink feed channel 14 is designated the shelf S|,. 
The effect of the length of the shelf on pen frequency 
can be seen in FIG. 7: as the shelf increases in length, 
the nozzle frequency decreases. The sut)strate 12 is 
etched in this shelf region to form extension 18a of the 
ink fill slot 18, which effectively reduces the shelf length 
and Increases the cross-sectional area of the entrance 
to the ink feed channel 14. As a consequence, the fluid 
impedance is reduced; both of the embodiments 
described above are so treated, in this manner, all noz- 
zles have a more uniform frequency response. The 
advantage of the process of the Invention Is that the 
entire pen can now operate at a uniform higher fre- 
quency. In the past, each nozzle 20 had a different 
impedance as a function of its sheif length. With this 
variable eliminated, all nozzles have substantially the 
same Impedance, thus tuning Is simpfified and when 
one nozzle is optimized, all nozzles are optimized. Pre- 
viously, the pen had to be tuned for worst case nozzles, 
that is. the gap had to be tightened so that the nozzles 
lowest in impedance (shortest shelf) were not under- 
damped. Therefore, nozzles with a larger sheH would 
have greater impedance and lower frequency response. 

The curve shown in FKa. 7 has been derived from a 
pen ejecting droplets of about 130 pi volume. For this 
pen, a shelf length of about 10 to 50 nm is preferred for 
high operating frequency. For smaller drop volumes, the 
curves are flatter and faster. 

As described earlier, FIGS. 2A and 2B depict the 
shelf length (SJ. In the former case, the sheK is at a 
constant location on the die and therefore the Sl dimen- 
sion as measured from the entrance to the ink feed 
channel 14 varies somewhat due to resistor stagger, 
while in the latter case, the shelf length is equalized, in 
that it follows tiie contours of the barrier layer 17. 

INPUSTRIAL APPLICABILITY 

The precision etch of the primary surface of the sil- 
icon substrate in combination with the anisotropica'lly 
etch through the secondary surface provides improved 
ink flow characteristics and is expected to find use in 
thermal ink-jet printheads. The precision etch may be 
done by a variety of isotropic etching processes. 

Thus, there has been disclosed the fabrication of 
ink fill slots in thermal ink-jet printheads utilizing photo- 
chemical micromachining. It will be apparent to those 
skilled in tNs art tiiat various changes and modifications 
of an obvious nature may be made without departing 
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from the invention as defined by the appended claims, 
aaims 

1. A method for fabricating inic fill siols (18) for fluidi' 5 
cally communicating with inl^ feed channels (14) in 
thermal Ink-jet printheads (13). comprising: 

(a) providing a single crystal silicon substrate 
(12) having two opposed, substantially parallel io 
major surfaces (12a, 12b) defining a primary 
surface (12a) and a secondary surface (12b); 

(b) forming an insulating dielectric layer (26) on 
both said surfaces (1 2a, 1 2b); 

(c) patteming said insulating dielectric layer is 
(26) on said secondary surface (12b) to expose 
underlying portions of said silicon substrate 
(12); 

(d) etching part way through said silicon sub- 
strate (12) with an anisotropic etchant at said 20 
exposed portions to therei3y form a portion 
(18')ofsaidinkfiIlslot(18); 

(e) forming and defining thin film resistor ele- 
ments (16) and conductive traces on said Insu- 
lating dielectric layer (26) on said primar y ss 
surface (12a); 

(f) etching from said primary surface (12a) to 
connect with said portion of said inkfill slot (18") 
to thereby completely form said inkfill slot (18) 
and to extend the portion of said inkfill slot (18) so 
terminating at said primary surface toward said 

ink feed channels (14) to cause a widening 
thereof (18a); and 

(g) forming a barrier layer (17) on the major 
surface of said dielectric material (26) and 3S 
defining openings therein to expose said resis- 
tor elements (16) to define a drop ejection 
chamber (1^ and to provide said ink feed 
channels (14) from each said resistor element 
(16) to a terminus region (A), said terminus 40 
region (A) fluidically communicating with said 
Inkfill slot (18) for introducing ink from a reser- 
voir to said drop ejection chamber (15), 
whereby the shelf length defined by the dis- 
tance from the entrance to said ink feed chan- 45 
nel (14) and said inkfill slot (18) Is decreased. 

2. A method for fabricating ink fill slots (18) for fluidi- 
cally communicating with ink feed channels (14) in 
thermal ink-jet printheads (13) comprising: so 

(a) providing a single crystal silicon substrate 
(12) having Uto opposed, substantially parallel 
major surfaces (12a. 12b). defining a primary 
surface (1 2a) and a secondary surface (12b); ss 

(b) forming an Insulating dielectric layer (26) on 
the primary suriiace (12a); 

(c) patterning said insulting dielectric layer (26) 
on said primary surface (12a) to expose under- 



lying portions of said silicon substrate (12); 

(d) etching part way through said silicon sub- 
strate (12) with an anisotropic etchant at said 
exposed portions to thereby form a portion 
(18a) orf said inkfill slot (18): 

(e) forming a barrier layer (17) on the major 
surface of said dielectric material (26) and 
defining openings therein to expose said resis- 
tor elements (16) to define a drop ejection 
chamber (15) and to provide an ink feed chan- 
nel (14) from each said resistor element (16) to 
a terminus region (A), said terminus region (A) 
fluidically communicating with said ink fill slot 
(18) for introducing Ink from a reservoir to said 
drop ejection chamber (15), said inkfill slot (18) 
precisely defined relative to said terminus 
region (A); and 

(f) micromachining from said secondary sur- 
face (12b) to connect with said portion (18a) of 
said ink fill slot (18) to thereby completely form 
said ink fill slot (18). whereby the shelf length 
defined by the distance from the entrance to 
said Ink feed channel (14) and said ink fill slot 
(18) is decreased. 

3. A method according to claim 1 or 2 further compris- 
ing providing a nozzle plate (22) with nozzle open- 
ings (20), each nozzle opening (20) operotively 
associated writh a resistor element (16) to define an 
ink-propelling elemerrt (10). 

4. A method according to claim 3 wherein said termi- 
nus region (A) Is provided with a pair of opposed 
projections (24) formed in walls in said layer (17) 
defining said ink feed channel (14) and separated 
by a width (B) to cause a constriction in said ink 
fM channel (14). 

5. A method according to claim 4 wherein each ink- 
propelling element (10) is provided with lead-in 
lobes (24a) disposed between said projections (24) 
and separating one ink feed channel (14) from a 
neighbouring ink feed channel (14). 

6. A method according to claim 5 wherein said Ink f Hi 
slot (18a) extends to said lead-in lobes (24a). 

7. A method according to claim 6 wherein said 
extended portion (18a) of said inkfill stot (18) either 
terminates at a fixed location and constant distance 
from the centerilne of said inkfill slot (18) or follows 
the contour of said bamer layer (17) to provide an 
equalized shelf length S]_. 

8. A method according to claim 1 wherein said etching 
through said primary surface (12a) to completely 
form said ink fill slot (18) in step (f) Is done by at 
least one of anisotropic and isotropic etching. 
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9. A method according to claim 2 wherein said 
micromactiining from said secondary surface (12b) 
in step (f) Is done by one of mechanical abrasion, 
lazer ablation, or electromechanical machining. 

s 

10. A method according to any of claims 1 to 9 which 
comprises forming the shelf length to be from 10 to 
SOfim. 

11. A method according to any of claims 1 to 10 io 
wherein the silicon substrate has a <100>or <110) 
crystallographic orientation. 

PatentansprQche 

IS 

1. Ein Verfahren zum Herstellen von TintenauffQll- 
schlitzen (18) zur fluidmaBigen KonfimuniKation mit 
TintenzufQhrungskanaien (14) in thermischen Tin- 
tenstrahldruckkopfen (13), mit Iblgenden Schritten: 

20 

(a) Bereltstellen eines einkristallinen Silizium- 
substrats (12) mit zwei gegenOberliegenden, 
im wesentiichen parallelen Hauptoberfldchen 
(12a, 12b), welche eine primdre Oberfldche 
(12a) und eine sekunddre Oberfldche (12b) ss 
deflnieren; 

(b) Bilden einer isolierenden dielektrischen 
Schicht (26) auf den beiden Obeifldchen (12a, 
12b): 30 

(c) Strukturleren der isolierenden dielektri- 
schen Schicht (26) auf der sekunddren Ober- 
fldche (12b). um darunterliegende Abschnitte 
des Siliziumsubstrats (1 2) f reizuiegen; 3b 

(d) Hineinatzen in das Siliziumsubstrat (12) mit 
einem anisotropen Atzmlttel an den freiliegen- 
den Abschnitten, um dadurch einen Abschnitt 
(180 des TintenauffOllschlitzes (18) zu bilden; 40 

(e) Bilden und Definieren von DQnnfiimwider- 
standselementen (16) und leitfahigen Leiter- 
bahnen auf der isolierenden dielektrischen 
Schicht (26) auf der primdren Oberfiache 4S 

(12a): 

(f) Atzen von der primdren Oberfiache (12a). 
um eine Vertindung mit dem Abschnitt des Tin- 
tenauffOllschlitzes (18*) herzustellen, um so 
dadurch den Tlntenauffullschlitz (18) vollstan- 
dig zu bilden, und um den Abschnitt des Tln- 
tenauffOllschlitzes (18), der an der primdren 
Oberfiache aufhort, zu den TintenzufQhrungs- 
kanaien (14) zu erweitern, um eine Verbreite- ss 
rung desselben (18a) zu bewirken; und 

(g) Bilden einer Barrtereschicht (17) auf der 
Hauptoberfiache des dielektrischen Materials 



(26) und Definieren von Offnungen in dersel- 
ben, um die Widerstandselemente (16) freizu- 
legen, um eine Tropfenauswurfkammer (15) zu 
definieren. und um die TintenzufQhrungska- 
naie (14) von dem WIderstandselement (16) zu 
einer Endregion (A) bereitzustellen, wobei die 
Endregion (A) mit dem Tintenauffailschlitz (18) 
zum EinfQhren von Tinte von einem Behdlter zu 
der Tropfenauswurfkammer (15) fluidmdBig 
kommuniziert, wodurch die Schetfldnge, die 
durch den Abstand von dem Elngang in den 
TintenzufQhrungskanal (14) zu dem Tintenauf- 
fQllschlitz (18) definiert ist, verringert wind. 

2. Ein Verfahren zum Herstellen von TintenauffQll- 
schlitzen (18) zur fluidmaBigen Kommunikation mit 
TintenzufQhrungskanaien (14) in thermischen Tln- 
tenstrahldruckkopfen (13), mit Iblgenden Schritten: 

(a) Bereitstelien eines einkristallinen Silizium- 
substrats (12) mit zwei gegenuberiiegenden im 
wesentiichen parallelen Hauptoberfldchen 
(12a, 12b), die eine primdre Oberfldche (12a) 
und eine sekunddre ^erildche (12b) definie- 
ren; 

(b) Bikjen einer Isolierenden dielektrischen 
Schicht (26) auf der primdren Oberfldche 

(12a): 

(c) Strukturieren der isolierenden dielektri- 
schen Schicht (26) auf der primdren Oberfld- 
che (12a), um darunterliegende Abschnitte des 
SiHziumsubstrats (12) freizulegen: (d) Hineinat- 
zen in das Siliziumsubstrat (12) mit einem 

anisotropen Atzmittel an den freiliegenden 
Abschnitten, um dadurch einen Abschnitt (18a) 
des TintenauffOllschlitzes (18) zu bikien: 

(e) Bilden einer Barriereschicht (17) auf der 
Hauptoberfiache des dielektrischen Materials 
(26) und Definieren von Offnungen in dersel- 
ben. um die Widerstandselemente (16) freizu- 
legen, um eine Tropfenauswurfkammer (1 5) zu 
definieren, und um einen Tintenzufahrungska- 
nal (14) von jedem Widerstandselement (16) 
zu einer Endregion (A) bereitzustellen, wobei 
die Endregion (A) mit dem TintenauffQIIschlitz 
(18) zum EinfQhren von Tinte von einem Behdl- 
ter zu der Tropfenauswurfkammer (1 5) f luidmd- 
Big kommuniziert, wobei der TintenauffQII- 
schlitz (18) bezuglich der Endregion (A) genau 
definiert ist; und 

(f) Mikrobeart}eiten von der zweiten Oberfldche 
(12b) aus, um eine Verbindung mit dem 
Abschnitt (18a) des TintenauffOllschlitzes (18) 
herzustellen. um dadurch den TintenauffQll- 



7 



EP 0 609 012 B1 



14 



13 

schlitz (18) vollstftndig zu bilden, wodurch die 
Schelfiange. die durch den Abstand von dem 
Eingang in den TintenzufQhrungskanat (14) zu 
dem TintenauffOllschlitz (18) definiert ist. ver- 
ringert wird. s 

3. EIn Veiiahren gema3 Anspruch 1 oder 2, welches 
ferner das Versehen einer DQsenptatte (22) mrt 
DQsenOffnungen (20) aufweist. wobei jede DOsen- 
Offnung (20) einem Widerstandselement (16) wirk- io 
sam zugeordnet ist, urn ein Tinten-antreiisendes 
Element (10) zu definieren. 

4. EIn Verlahren gemdB Anspruch 3, bei dem die 
Endregion (A) mit einem Paar von gegenOberlie- is 
genden Vorst&nden (24) versehen ist, die in Wdn- 

- den in der Schicht (17), die den Tintenzu- 
fOhrungskanai (14) definiert, gebildet und durch 
eine Breite (B) getrennt sind, urn eine EinschnQ- 
rung in dem TIntenzufQhrungskanai (14) zu bewir- 20 
ken. 

5. Ein Verfahren gemSB Anspruch 4, bei dem jedes 
Tintenantreibende Element (10) mit Einfuhrungs- 
lappen (24a) versehen Ist, die zwischen den Vor- 2S 
standen (24) angeordnet sind und einen 
TIntenzufQhrungskanai (14) von einem benachbar- 
ten TIntenzufQhrungskanai (14) trennen. 

6. EIn Verlahren gemdB Anspruch 5, bei dem sich der 30 
Tintenauffullschlitz (18a) zu den EinfQhrungslap- 
pen {24a) erstreckt 

7. Ein Verfahren gemdB Anspruch 6, bei dem der 
enweiterte Abschnitt (18a) des TintenauffQIIschlit- 35 
zes (18) entweder an einer festen Position und In 
einem konstanten Abstand von der MIttelllnie des 
TintenauffQilschlitzes (18) aufhort oder der Kbntur 
der Banriereschicht (17) folgt urn eine gleichge- 
machte Schelfiange Sl zu schaffan. 4o 

8. EIn Verlahren gemaB Anspruch 1, bei dem das 
Atzen durch die primare Oberfiache (12a), urn den 
TintenauffQllschlltz (18) vollstandig zu bilden. in 
dem Schritt (f) durc^ entweder anisctropes oder 45 
isotropes Oder anisotropes und Isotropes Atzen 
durchgefOhrt wird. 

9. Ein Verfahren gemdf) Anspruch 2, bei dem das 

MiKrobearbeiten von der sekunddren Oberfiache so 
(12b) aus in dem Schritt (f) durch ein Verfahren aus 
der Gruppe der mechanischen Abrasion, der Laser- 
ablation Oder der elektromechanischen Bearbel- 
tung durchgefOhrt wird. 

55 

10. Ein Verfahren gemaB einem der AnsprQche 1 bis 9, 
welches das Bilden der Schelfiange von 10 bis 50 
]ixr) aufweist. 



11. Ein Verlahren gemaB einem der AnsprQche 1 bis 
10, bei dem das Sillziumsiisstrat eine kristallogra- 
phische (1 00 > Oder (1 10}-Ausrichtung aufweist 

Revendlcations 

1 . Proc6d6 pour fabriquer des fentes de remplissage 
d'encre (18) pour communication ftuide avec des 
canaux d'amende d'encre (14) de tates d'impres- 
sion thermlque par jet d'encre (13), comprenant: 

(a) la fbumiture d'un sUbstrat de silicium a cris- 
tal unique (12) comportant deux surfaces 
majeures oppos^es. sensiblement parall^les, 
(12a, 12b), d6flnissant une surface principale 
(12a) et une surface secondaire (12b): 

(b) la formation d'une couche di6lectrique Iso- 
lante (26) sur les deux dites surfaces (12a, 
12b): 

(c) le masquage de ladite couche di6lectrique 
Isolante (26) sur ladite surface secondaire 
(12b) pour faire apparafTtre des parties sous- 
jacentes dudit substrat de silicium (12): 

(d) la gravure partielle k travers I edit substrat 
de silicium (12) avec un agent de gravure ani- 
sotrope sur lesdrtes parties apparentes. de 
fagon a fbrmer ainsi une partie (18*) de ladite 
fente de remplissage d'encre (18): 

(e) la formation et la d^inition d'6l6ments de 
r^istance en film mince (16) et de pistes con- 
ductrices sur ladite couche di^lectrique iso- 
lante (26) sur ladite surface principale (12a); 

(f) la gravure a partir de ladite surface princi- 
pale (12a) pour connexion a ladite partie (18") 
de ladite fente de remplissage d'encre, de 
fagon a former compi dement ladite fente de 
remplissage d'encre (18), et a ^tendre la partie 
de ladite fente de remplissage d'encre (18) se 
terminant sur ladite surface principale, vers les- 
dits canaux d'amen^e d'encre (1 4), pour provo- 
quer un aiargissement de ceux-ci (1 8a) ; et 

(g) la formation d'une couche d'an-at (1 7) sur la 
surface majeure dudit mat^iau diaiectrique 
(26), et la ddfinition d'ouvertures dans celle-d. 
pour faire apparaTtre lesdits ^l^ments de resis- 
tance (16), pour dafinir une charrbre d'ajection 
de goutte (15) et pour fburnir lesdits canaux 
d'amenae d'encre (14) depuis chaque dit ai6- 
ments de rasistance (1 6) vers une ragion termi- 
nale (A), ladite ragion terminale (A) 
communiquant de fagon f luide avec ladite fente 
de remplissage d'encre (18), pour introduire de 
I'encre provenant d'un rasen/oir vers ladite 
chambre d'^ection de goutte (15), de fagon 
que ta longueur dafinie par ia distance entre 
I'entrae vers ledit canal cTamenae d'encre (14) 
et ladite fente de remplissage d'encre (18) 
diminue. 
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2. Proc6d6 pour fabriquer des ferrtes de remplieeage 
d'encre (18) pour communication fluide avec des 
canaux d'amen^e d'encre (14) de tetes d'impres- 
sion thermique par jet d'encre (13), comprenant: 

5 

(a) la fourniture d'un substrat de silicium k cris- 
tal unique (12) comportant deux surfaces 
majeures opposies, sensitslement parali^ies, 
(12a. 12b), d6finissant une surface prindpale 

(1 2a} et une surface seoondaire (1 2b); io 

(b) la formation dtine couche di6lectrique iso- 
lante (26) sur la surface principale (I2a}; 

(c) le masquage de ladite couche didlectrique 
isolante (26) sur ladite surface principale (12a) 
pour faire apparaTtre des parties sous-jacentes is 
dudit substrat de silicium (12); 

(d) la gravure partielle d travers ledit substrat 
de silicium (12) avec un agent de gravure ani- 
sotrope sur lesdites parties apparentes, de 
fa^on ^ former ainsi une partie (18a) de ladite 20 
fente de remplissage d'encre (18); 

(e) la formation d'une couche d'arrdt (1 7) sur la 
surface majeure dudit mat^riau di^iectrique 
(26), et la definition d'ouvertures dans cel!e-ci, 
pour taire apparaTtre lesdits ^l^ments de r^ls- 25 
tance (16). pour d6flnir une chambre d'^jection 

de goutte (15) et pour foumir un canal d'ame- 
n6e d'encre (14) depuis chaque dit elements 
de resistance (16) vers une region terminale 
(A), ladite region terminale (A) communiquant 30 
de fagon fluide avec ladite fente de remplissage 
d'encre (18). pour introduire de rencre prove- 
nant d'un reservoir vers ladite chambre d'^jec- 
tion de goutte (15), ladite fente de remplissage 
d'encre (1 8) etant d6f inie de fagon precise vers ss 
ladite region terminale (A); et 

(f) ie micro-usinage depuis ladite surface 
secondaire (12b), pour connexion avec tadite 
partie (18a) de ladite fente de remplissage 
d'encre (1 8). de fagon k former ainsi complete- 40 
ment ladite fente de remplissage d'encre (18). 

de fagon que la longueur dd inie par la distance 
entre I'entree vers ledit canal d'amende d'encre 
(14) et ladite fdnte de remplissage d'encre (1 8} 
diminua ^ 

3. Precede selon la revendication 1 ou 2. comprenant 
en outre ta fourniture d'une plaque de buses (22) 
avec des ouvertures de buse (20), chaque ouver- 
ture de buse (20) etant fbnctionnellement associee so 
k un element de resistance (16) pour definir un ele- 
ment de propulsion d'encre (10). 

4. Precede selon la revendication 3, dans lequel ladite 
region terminale (A) est pourvue d'une paire de ss 
projections opposees (24) formees dans des parois 

de ladite couche (1 7), definissant ledit canal d'ame- 
nee d'encre (14), et separees d'une largeur (B) 
pour pTGVoquer un retredssement dans ledit canal 



d'amenee d'encre (14). 

5. Procede selon la revendication 4. dans lequel cha- 
que element de propulsion d'encre (10) est pourvu 
de lobes d'entree (24a) disposes entre lesdites pro- 
jections (24) et s6parant un canal d'amenee 
d'encre (14) d'un canal d'amenee d'encre (14) voi- 
sln. 

6. Precede selon la revendication 5, dans lequel ladite 
fente de remplissage d'encre (18a), s'etend vers 
lesdits lobes d'entree (24a). 

7. Procede selon la revendication 6, dans lequel ladite 
partie etendue (18a) de ladite fente de remplissage 
d'encre (18) se tenriine soit en un emplacement 
fixe et k une distance constante de la ligne centrale 
de ladite fente de remplissage d'encre (1 8), soit suit 
le contour de ladite couche d'arrdt (1 7), pour fburnir 
une longueur egalisee S|.. 

8. Procede selon la revendication 1 , dans lequel ladite 
gravure k travers ladite surface principale (12a) 
destinee k former oompietement ladite fente de 
remplissage d'encre (18) k retape (f), est effectu6e 
par au moins une gravure parmi la gravure aniso- 
trope et isotrope. 

9. Precede selon la revendication 2, dans lequel ledit 
micro-usinage depuis ladite surface secondaire 
(12b) k retape (f), est effectue par un parmi une 
abrasion mecanique. une ablation par laser ou un 
micro-usinage eiectromecaniqua 

10. Procede selon I'une quelconque des revendications 
1 k 9, comprenant la formation de la longueur 
oomme allant de 10 & 50 ^m. 

1 1 . Precede selon I'une quelconque des revendications 
1 e 10, dans lequel le substrat de silicium a une 
orientation cristallinede (100) ou (110). 
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